In Vitro Studies on Pigmentation II. Influence of Ascorbic Acid on Oxidation of Tyrosine by Ultraviolet Irradiation1 by Rothman, Stephen
IN VITRO STUDIES ON PIGMENTATION 67
violet radiation may have biological effects in patients who are already tanned
to a maximum.
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IN VITRO STUDIES ON PIGMENTATION
II. INFLUENCE OF ASCORBIC ACID ON OxIDAnON OF TYROSINE BY
ULTRAVIOLET IRRADIATION'
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In a previous communication (1) experiments were reported which indicated
that there is a close similarity in melanin formation from tyrosine by tyrosinase
and by ultraviolet radiation. The same similarity could be observed concerning
the influence of ascorbic acid on these processes.
EXPERIMENTS2
Methods
The methods for estimation of tyrosine, dopa and melanin, and the experi-
mental conditions of ultraviolet irradiation were those described in the previous
communication (1).
1 From the Section of Dermatology of the Department of Medicine, and the Department
of Pharmacology, University of Chicago. Read before the Fourth Annual Meeting of
the Society for Investigative Dermatology, Inc., Cleveland, Ohio, June 3, 1941. This work
was aided by grants from the Commonwealth Fund, New York, and the Dr. Wallace C. and
Clara A. Abott Memorial Fund of the University of Chicago.
See Preliminary Report in Proc. Soc. Exp. Biol. a. Med., 45: 52, 1940.
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One-half cubic centimeter of freshly prepared one per cent ascorbic acid
solution was added to 25 cc. of 50 mgm. per cent aqueous tyrosine solution
before irradiation. In irradiation experiments of long duration this addition
was repeated every 15 minutes because the ascorbic acid became oxidized by
ultraviolet rays rather quickly.
The control solutions were brought to the same pH with acetic acid or mineral
acid solutions. Samples to be compared were kept at th.e same volume and at
the same pH by frequent checks during the irradiation period.
Results
The influence of ascorbic acid on oxidation and oxidation products of tyrosine
is threefold: 1. Ascorbic acid markedly furthers dopa formation. 2. Further
oxidation of dopa is prevented by ascorbic acid. 3. Melanin is transformed by
ascorbic acid into less deeply colored products.
1. Increase and acceleration of dopa formation. In studies on the oxidation
of tyrosine by tyrosinase in the presence of ascorbic acid it was found (2, 3)
that larger amounts of dopa were formed in the presence of ascorbic acid than
TABLE 1
Increase of dopa concentration in irradiated tyrosine sotution3 by addition of ascorbic acid
Irradiation time 60 minutes
IRRADIATED SOLUTIONS DOPA MELANIN
Tyrosine
Tyrosine + ferrous ammonium sulfate
Tyrosine + ascorbic acid
mgm. per cent
2.9
6.6
7.2
,/1OO cc.
None
136
Noise
in control samples. A similar result was obtained in our laboratory when the
oxidation of tyrosine was performed by ultraviolet irradiation. The catalytic
effect of ascorbic acid on dopa formation was found to be stronger than that
of ferrous ammonium sulfate. Melanin formation, however, was completely
prevented by the amounts of ascorbic acid used in these experiments (table 1).
The increase in dopa concentration by ascorbic acid was not simply due to the
inhibition of melanin formation with a subsequent accumulation of dopa but
it was proven to be a true catalysis of tyrosine oxidation as shown in the cor-
respondingly faster decrease of tyrosine concentration (table 2).
The conclusion was drawn that ascorbic acid, although generally acting as a
reducing agent, furthers the actinic transformation of tyrosine into dopa,
apparently acting in this phase as a transmitter of atmospheric oxygen.
This effect of ascorbic acid was observed to occur also in the dark without
the presence of any oxidizing agent (2, 4). However, the process was found in
our laboratory to be considerably accelerated by ultraviolet irradiation. After
stopping the irradiation and keeping the irradiated tyrosine-ascorbic acid mix-
tures in the dark, a rapid further increase of dopa concentration occurred.
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The dopa formation in the dark after irradiation was considerably faster than
in non-irradiated samples, even after short irradiation periods (table 3).
In irradiated tyrosine-ferrous salt mixtures with an original 50 mgm. per cent
tyrosine content the concentration of dopa did not exceed 6 mgm. per cent, or
about 12 per cent of the original tyrosine concentration, because of further
oxidation of dopa to melanin (1). By addition of ascorbic acid to this system
TABLE 2
Loss of tyrosine catalyzed by ascorbic acid
Initial pH 2.8
SO MOM. PER CENT TYaOSINE SOLUTIONS
IRRADIATED POE 75 MIIeUs
With acetic acid With ascorbic acid
Tyrosine (mgm. per cent)
Dopa (mgm. per cent)
47.8 43.8
3.1 7.0
TABLE 3
Dopa formation by ascorbic acid in the dark with and without previous irradiation
Irradiation time 75 minutes
Immediately after irradiation
3 hours later
24 hours )ater
5dayslater
SAMPLES OF TYROSINE-ASCORBIC ACID MIXTURE
Irradiated
Dopa (mgm. per cent)
Traces
1.0
5.5
7.5
Non-irradiated
Dopa (mgm. per cent)
None
None
4.2
6.2
TABLE 4
Dopa accumulated by ascorbic acid
D kept in the dark
DATE IRRADIATION TIME DOPA WITH Fe" DOPA WITHOUT Fe"
4—4—40
4—5—40
4—5--4i)
4—8—40
hours
2
D3
D
ngm. per cent
9.3
12.3
23.0
26.0
4.9
6.8
10.0
20.0
the concentration of dopa could be increased up to 26 mgm. per cent. Table 4
gives the data of an experiment in which this occurred in 5 days. Even without
catalysis by ferrous salts the concentration of dopa reached 20 mgm. per cent,
i.e., 40 per cent of the tyrosine was transformed into dopa.
It should be emphasized that the furthering effect of ascorbic acid on the
transformation of tyrosine into dopa is particularly intensive in acid medium.
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The above experiments were carried out at pH 2.8, corresponding with the acidity
of ascorbic acid. However, the effect, though very slight, is still demon-
strable at physiological pH's, up to 7.4.
Not only tyrosine but any para-monohydroxyphenyl derivative is transformed
into the corresponding catechol derivative by ascorbic acid. Thus synephrine
(parahydroxyphenyl-methylaminoethanol) is transformed into epinephrine
(3-4 dihydroxyphenyl-methylaminoethanol). Experiments on this process will
be published elsewhere.
2. Prevention of the oxidation of dopa. The inhibitory effect of ascorbic acid
on oxidation of polyphenols to pigments by any kind of oxidative agent was
observed as early as 1930 (5). The mechanism of this action was interpreted
chemically in 1937 (3). In our irradiation experiments on tyrosine the pre-
vention of melanin formation was absolute if an excess of ascorbic acid was
TABLE 5
Inhibition of actinic dopa formation by sulfurous acid in comparison with ascorbic acid
Irradiation time 15 minutes
ADDED TO SO MOE. PER CENT
TYROSIN SOL.
1 per cent2/100 saturated SO2 2/1000 water ascorbic acid
Dopa (mgm. per cent) No 1.3 2.9
TABLE 6
Inhibitory effect of cysteine hydrochloride on the actinic oxidation of tyrosine in presence of
ferrous ammonium sulfate
Irradiation time 1 hour
ADDED TO TYkosINE-Fe SrIXTUEE
Cysteine HC1 Ascorbic acid Acetic acid
1 per cent 1 per cent 1 per cent
Dopa (mgm. per cent)
Melanin (7/100 cc.)
2.1 8.0 6.6
26 No 144
constantly present during the exposure to ultraviolet rays. The oxidation of
tyrosine was stopped at the dopa-stage, dopa was accumulated and stabilized
(tables 1 and 6).
The paradoxical combination of enhancement of tyrosine transformation to
dopa with inhibition of further oxidation is a unique effect of ascorbic acid.
Other reducing agents equally inhibit the first and the subsequent steps of
oxidation. This is shown for sulfurous acid in table 5, and for cysteine in table 6.
3. Reduction of melanin. This is not a specific effect of ascorbic acid. It can
be performed with any reducing agent. The light brown or tan-colored products
which are formed from melanin by reduction were lately thoroughly investigated
(6, 7), and it was stated that melanin represents a natural reversible oxidation-
reduction system, occurring in the tissues in a darker, fully oxidized phase and
in a lighter reduced phase. The lighter phase will be produced by any reducing
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agent with a higher redox potential than that of melanin. Beyond that, it was
found in our laboratory that by reduction not only the color becomes lighter,
but also other physical properties change. Whereas, the oxidized melanin forms
colloidal and bigger particles, slowly agglomerating and settling down in water,
the "reduced melanin" is water soluble.
In our experiments purified melanin won from tyrosine oxidation (1) was
suspended in ascorbic acid solutions of different concentrations and at differ-
ent p11's. The resulting water-soluble yellow products could be easily separated
6 10 i M.tc
FIG. 1. Melanolysis by ascorbic acid at different pH's
(1) 5 cc. melanin suspension + 0.3 cc. n/20 HC1; pH 2.9. (2) 5 cc. melanin suspension
+ 0.3 ascorbic acid 1 per cent pH 3.5. (3) 4.6 cc. melanin suspension + 0.3 cc. ascorbic
acid 1 per cent + 0.3 cc. n/20 EICl; pH 2.
from the unchanged melanin granules by centrifugation. The remaining mela-
nin precipitate was suspended in water, in the original volume, and its con-
centration was estimated in the photoelectric colorimeter.3
In this way it was found that the "melanolysis" by ascorbic acid and by other
reducing agents proceeded at a more rapid rate as the pH was lowered from 7.4
In acute experiments with readings every minute (see fig. 1) the samples were kept
in the colorimeter continuously; the absorption of light by the yellow reaction products
was disregarded.
f)
3O
0
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to 2.0. At pH's between 2 and 4 the lightening of the color was so rapid that
it easily could be seen with the naked eye. At pH 2.9 half the amount of a
400 y/lOO cc. melanin suspension was dissolved within 5 minutes (fig. 1). At
physiological pH's the same process was found to be very slow but still demon-
strable. At pH 7.2, for instance, the decrease in melanin concentration after
24 hours was less than the decrease at pH 2.9 in the first minute, but nevertheless
it could be demonstrated if compared with the action of sulfuric acid of the same
strength (table 7).
Non-reducing mineral and organic acids had practically no melanin-dissolving
effect.
The melanolytic effect of ascorbic acid could be intensified not only by acidi-
fication but also by increasing the concentration of ascorbic acid. With the
double amount of ascorbic acid at pH 3.35 the same effect was achieved as with
the single amount at pH 2.9 if acidified with mineral acids. It should be noted
that the melanolysis by ascorbic acid is connected with a considerable shift of
the pH to the alkaline side if the system is not buffered.
TABLE 7
Melanin suspensions in phosphate buffer. After addition of acids pH 7.2 in both samples
ADDITION OP
Ascorbic acid Sulfuric acid
Immediately after addition of acids
hour later
20 hours later
Melanin (7/100)
138
124
98
Melanin (7/100)
138
136
130
Attempts to identify the decomposition products in the "reduced melanin"
have been unsuccessful as yet. They do not yield the qualitative chemical
reactions either of indole or of catechol derivatives.
The color change of melanin by ascorbic acid could be demonstrated also in
excised pieces of pigmented human skin. The original dark grey color of the
skin from Negroes changed within 24 hours to brownish-yellow, if kept in a 1 per
cent solution of ascorbic acid, whereas controls in acetic acid of the same pH
did not change their color. This effect could be demonstrated also in pieces of
skin which previously have been fixed in formalin or in alcohol. Such previous
treatment also did not impair the melanolytic effect of ascorl)ic acid on tryrosine-
melanin in the test tube experiment. The pieces of skin with reduced melanin
re-darkened slowly if kept in the air. This became evident only after sev-
eral days.
COMMENT ON CLINICAL APPLICATIONS
it is not as yet known whether the furthering effect of ascorbic acid on dopa
formation from tyrosine has any biologic importance in the pigment metabolism,
and whether this effect could be utilized pharmacologically or clinically. How-
ever, it seems probable that by this effect ascorbic acid in the suprarenal medulla
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may further the formation of the catechol precursors of epinephrine from
tyrosine. The stabilization of the catechol ring by ascorbic acid also might
play a role when epinephrine is formed and stored in the suprarenal glands.
The inhibition of further oxidation of polyhydroxyphenols by ascorbic acid
was the basic observation from which numerous experiments endeavouring to
prevent pigmentation in vivo originated. However, in contrast to the definite
inhibitory effect in vitro, the results in vivo have been a controversial matter
ever since. Some authors denied any preventive action of ascorbic acid on pig-
mentation to physiologic stimuli (2, 8). Negative (9) and positive (10) results
were reported concerning preventive action of ascorbic acid on the pigmentation
following ultraviolet irradiation (see also 11).
Negative results in vivo might have been due to the difficulty of creating a
high level of ascorbic acid concentration in the skin and of keeping it high because
excess ascorbic acid is quickly oxidized in living tissues. Nevertheless, the
in vitro findings indicate that any kind of physiologic or pathologic pigmentation
might be prevented by ascorbic acid if its concentration could be kept suffi-
ciently and continuously high. Possibly such conditions could be produced by
introduction of ascorbic acid into the skin by prolonged ion transfer, shortly
before the pigmentogenic stimuli are applied.
Also, it has been claimed that pathologic hyperpigmentation in Addison's
disease (5, 12) and in chloasma (13) can be reduced by administration of ascorbic
acid but these results were not clear cut.
The experimental results of this laboratory suggest that if there is any effect
of ascorbic acid in diminishing hyperpigmentation, this may be due to the
reducing action on the preformed melanin rather than on a prevention of its
new formation. This conclusion is drawn from the fact that the reduction of
melanin by ascorbic acid is an immediate and rapid effect which is not easily
reversible. For a rapid reversion forced oxidation is needed (7) as it does not
occur in living tissues. The spontaneous re-oxidation is slow as demonstrated
in experiments on pieces of skin from negroes. It was shown (7) that the first
step in spontaneous depigmentation is formation of "reduced melanin." Con-
sidering the fact that reduction of melanin is connected with a disintegration of
the granules and with their becoming soluble in water, it can be assumed that
energetic and instantaneous reduction of melanin furthers its absorption from
the epidermis considerably. Thus it seems to be easier to decompose melanin
in vivo than to prevent its formation by ascorbic acid.
On this basis experiments were resumed in our department on the effect of
ascorbic acid in Addison's disease. Colored photographs, microscopic sections
with silver and with dopa reactions, and measurements of the threshold ultra-
violet erythema doses before and after treatment were used as objective methods
for estimating the degree of hyperpigmentation. By these methods it was pos-
sible to confirm the statement of several authors (14, 15) that the hyperpig-
mentation in Addison's disease is not at all influenced by cortical hormone and
salt, in spite of the excellent effects on other symptoms of adrenal insufficiency.
In the case of a 37 year old woman, who was kept in good condition by continu-
ous salt therapy, we succeeded in bleaching the skin by administering 500 mgm.
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of ascorbic acid daily by mouth for 6 months to such a degree that the effect
could be easily recognized in colored photographs. Discontinuation of the drug
was followed by slow but steady redarkening. In the case of this patient the
serum ascorbic acid values were within normal range before treatment was
started. The bleaching certainly was not as spectacular as could have been
expected if it were based on substitution in a vitamin-C deficient organism, in
which a preventive or regulating factor of pigmentation was lacking. However,
the effect might have been due to the reduction of melanin.
SUMMARY
Ascorbic acid furthers the actinic transformation of tyrosine into dopa but
inhibits any further oxidation if an excess of ascorbic acid is constantly present
during the exposure to ultraviolet light. Melanin is reduced by ascorbic acid
to water-soluble lighter products. Diminution of hyperpigmentation in vivo
by ascorbic acid seems to be due to this latter effect rather than to the preven-
tion of formation of new melanin, which effect requires the continuous presence
of high concentrations.
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DISCUSSION
DR. SAMUEL PEcK, New York: I would like to congratulate Dr. Rothman on his very
fine presentation. I doubt very much whether we have yet been able to reproduce or even
adequately explain the complete mechanism of melanin formation as it occurs in the human
epidermis. The protective pigment mechanism relies both on a thickening of the epi-
dermis as well as on the formation of certain chemical substances which act as light filters.
The role of the enzymes as indicated by the dopa reaction, indicates that it apparently be-
comes activated just before active melanin production becomes apparent. In the process
of pigment formation no proof has been given that after exposure to radiant energy, there
is an increase of propigments or closely allied chemical structures. The more recent work
with oxidase poisins might throw more light on actual melanin formation in warm blooded
animals.
DR. MAURICE OPPENHEIM, Chicago: We must be grateful to Dr. Rotliman for this com-
plete and interesting paper. Permit me to add only a few words about the historical
developed on this question, and my tribute to it. In 1901 Fürth, professor of medical
chemistry at the University of Vienna, found that if certain mushrooms were exposed to
air they became blue, dark brown or black. The cause of this fact was, according to him,
that tyrosine, which is present in mushrooms, under the influence of tyrosinase exposed
to air was causing the dark color. In 1902, now almost 40 years ago, I made some experi-
ments with unpigmented human skin and hair, which was placed in saturated solutions of
tyrosine. ("Zur Frage der Pigmentbildung aus Tyrosin," Wiener. Klin. Wochenschrift,
1902, No. 30.) By adding 11202 to the solution of Tyrosin or by putting the unpigmented
skin or unpigmented hairs into the 11202 solution later, I succeeded in darkening the epi-
dermis and hairs. The connective tissue of the skin was never stained. This is quoted
in Kyles "Histo-Biology of the Human Skin." At that time the majority of the derma-
tologists believed, as did my teacher Ehrmann, that all pigment in epidermis and cutis
originated from the hemoglobin and that the melanoblasts produced the melanin which
is carried into the epidermis by the dendrites of the melanoblasts.
The important work of Bloch and Meirowski and the experimental paper of Rothman,
read here today, have thrown new light upon this complicated question.
DR. S. W. BECKER, Chicago: We must not be too critical of purely laboratory investiga-
tion, even though we do not see its application to pigmentation in human beings. We
might say we have here a mechanism which can function in patches of vitiligo, in patches of
leukoderma, in the white, colorless skin of guinea pigs, but there is something lacking, some-
thing else that is necessary. We must go back to the assumption that in pigmented skin
there is some activating force which we do not find in the non-pigmented skin. Dr. Roth-
man is to be congratulated on this very excellent piece of work.
DR. STEPHEN ROTHMAN, Chicago: I am very grateful for the acknowledgment in the
discussion. Replying to Dr. Peck, I do not claim that results of a test tube experiment
can always be applied to living tissues. However, I do maintain that the test tube experi-
ment has shown the possibility of transformation of tyrosine into dopa by small thera-
peutic doses of ultraviolet radiation. Tyrosine in the epidermis behaves like tyrosine in
the test tube if irradiated similarly.
Bloch's theory did not give a satisfactory explanation for the rOle of pigmentogenic
stimuli. We found that substrate is formed by ultraviolet radiation, and we feel that this
is the actual mechanism for actinic pigmentation.
The red pigment hallachrome is an intermediary product in the tyrosine-tyrosinase
reaction, and it has been identified as the quinone of a 5-6 dihydroxyindole derivative.
The red pigment of melanotic urine and that of human red hair are end products of this
reaction. They are water-insoluble conglomerated large molecules, formed instead of
melanin, if the medium is acid.
